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Abstract 
The use of metal cartridges which contain the explosive charge to impel the bullet in fire arms, as replacement of the 
former paper cartridges of the muzzle-loading weapons, meant a change of singular importance in nineteenth-century 
military technology. In our country this new system was employed in Remington rifles incorporated at the beginning of 
the 1870 decade.  
The objective of this work is the study of archaeological Remington rifles` brass cartridges, from the site known as battle 
field La Verde (1874). The techniques employed for the analysis were metallographic inspection by optic microscopy and 
scanning electron microscopy (SEM) as well as X ray energy dispersive spectrometry (EDS). The results obtained allowed 
the identification of morphological differences related to constructive forms and also the analysis of several corrosion 
processes that affected the material as the so called Stress Corrosion Cracking.   
The metallurgical study of the archaeological brass cartridges has permitted the obtainment of information that in some 
cases has spread the existing historical records. Thus the results at which we arrived, and their analysis, made in the frame 
of an interdisciplinary activity, are an important contribution of the material science and engineering to archaeology. 
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1. Historical Context 
In the early 1870 decade, the first Remington arms (carbine or tercerola [Fotheringham et al.]) began to be 
used in our country. These arms came mainly from diverse foreign countries, like the United States and 
Belgium, where they were made industrially. In the Argentine Army, the Remington carbines replaced 
gradually the guns of muzzle-loading. In 1879 the government acquired of official way a series of games of 
granted to the army, including horses, mules, etc.
army, however, although being the most used it coexisted with arms and systems Veterli, Chassepot, Martini-
Henri, Merrill, Spencer and Snider among others. The Remington arms were replaced in 1891 by the Mauser 
rifles and carbines. 
The Remington arms represented a remarkable improvement with respect to the armament previously used, 
due to the simplicity of handling and its breech-loading system. This system allowed a trained soldier to carry 
out 6 to 7 shots per minute, being the ammunition of 43 caliber [Settel et al.]. These characteristics made these 
arms suitable for the remote combat, in regard to their greater range, precision and firepower. 
Indeed, one of the first uses of these arms was in a theater of military operations, in the denominated battle 
 Landa et al.]. On November 26th  1874, at dawn, 
the battle was triggered. The battle was bloody. The infantry of Colonel Arias (loyal to the national 
government) realized sustained fire in several rows (standing up and knees) getting to stop the charges of the 
they several Chiefs and off MGM]. 
The archaeological tasks performed during the campaigns of years 2008 and 2011 has allowed to get a 
numerous amount of artifacts related to the battle, among them, fragments of cases and projectiles attributable 
to Remington. 
2. Experimental procedure 
The study of Remington rifles cartridges fragments, from the site known as battle field La Verde (1874), 
are presented in this work. A preliminary morphological classification by means of visual inspection of the 
pieces under study was done. Microstructural analysis were performed on different sections of the samples. 
Some images were obtained by Scanning Electron Microscopy (SEM) and chemical composition was 
determined by Energy Dispersive X Ray Spectrometry (EDS)  
3. Results and discusssion 
3.1. Visual inspection: morphological characterization 
Normally the cartridge classification was done taking into account different parameters: material employed, 
primer type, caliper and head form [Davis et al. and Connelly et al.]. Regarding this work the authors are 
interested in classifications based on the type of primer insertion and structure and head form. 
All cartridges found present a corroded surface covered with a brownish attached substance like mud, clay 
and corrosion products. Figure 1 shows a scheme with the most important parts of a metal cartridge. 
Most of the fragments found have body fixed to the head (Figure 1b) but in some cases, although head and 
body are part of the same solid piece, only the head, separated of the body was found (Figure 1 c).  
The cartridge bodies were found deformed, with longitudinal cracks, either singles or branched, as it can be 
seen in Figure 1 b. Considering the morphology of the head two different types were noted with one or two 
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                                                           Fig 1.a                             Fig 1.b                                         Fig. 1.c  
concentric circles, (Figure 2), corresponding to differences in fabrication design according to the 
manufacturer. [Hoyem et al.] 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) cartridge scheme; (b) Remington cartridge fragment with multiple crack  found at the site;  (c)   Remington cartridge head 
loose from the body  
 
 
 
 
 
 
 
 
   
Fig. 2. Photography of two different head designs 
 
 
 
 
 
 
 
 
 
Fig. 3. (a)  Boxer y Berdan system scheme; (b) Scheme of different cartridge types according to head forming: I folded head, II ballon 
(solid) Head III solid head. 
Differences in primer type, structure and head form were also observed. Most of breech-loading weapons 
have primers which are activates by percussion. The specific bibliography gives reference of two 
characteristics primer types: Boxer and Berdan. The mean difference between them is: Boxer heads have only 
a central flash hole while Berdan have two, three or even four small flash holes, [Connelly et al.] (Figure 3a). 
                                                        Fig. 3a.                                                                     Fig. 3. b.- 
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Another characteristic in the former is the presence of an anvil incorporated to primer cup whereas in the latter 
that piece is part of the cartridge itself.  
On the other hand a second classification taking into account the morphology and strength of the cartridges, 
defines them as: Folded-Head, Balloon head y Solid-Head, (Figure 3b). 
According to the primer insertion, all the cartridges found in the site so far, correspond to Berdan and 
Boxer types (Figure 4.a. and 4.b. respectively). Regarding their head form all the samples are folded head 
type, with an internal reinforcement cup. In some case, Boxer type samples also have a paper ring between the 
inner cup and the head. (figure 4b) both parts acted in conjunction as seal and reinforcement preventing from 
the formation of cracks and leakages owed to ignition gas pressure in the folded zone which had proved to  the 
most weak according to experience. 
EDS analysis from body cartridge and of its inner reinforcement cap-revealed that these parts were made of 
alpha brasses 70,8 %wt Cu  and  29,3 %wt Zn (nominal composition of 70-30 brass). 
Material studied show a microstructure with certain zones highly deformed, distorted annealing twins and 
slip bands (Figure 5a). Furthermore microstructure present equiaxed grains with annealing twins (Figure 5b). 
Little grey particles of lead can be seeing in both zones.  
 
 
 
  
 
 
 
 
 
 
Fig. 4. Image of fragments found corresponding two differnt types: (a) Berdan ; (b) Boxer 
On other hand a small additional piece of metal was detected in one case of the cartridge type Berdan. 
Apparently it was used as lid of primer cup, and according to EDS determinations it is made of pure copper. 
The microestruture of this part presents small equiaxied grains without deformation evidence (Figure 5.c), 
with oxidized edges and precipitated particles, probably copper oxides. 
 
         
Fig. 5. Microestructural characteristics of cartridge body: (a) with plastic deformation (b) without plastic deformation (c) Copper primer 
cup lid 
 
 Fig. 4.a.-                                Fig. 4.b.- 
Fig. 5.a.-                                     Fig. 5.b.-                                      Fig. 5.c.- 
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3.2. Observed Degradation Processes  
In the analyzed materials were observed cracks and three forms of degradation: Dealloying 
(dezincification), Stress corrosion cracking (SCC) and intergranular corrosion (IC) 
The Cu-Zn alloys containing a composition greater than 15% Zn are subject to a type dealloying proccess 
called dezincification, in which the less noble element of the alloy is preferably dissolved leaving a residual 
structure altered. Two theories are most important to explain the process of dezincification: one is that there is 
a preferential dissolution of Zn, while a porous layer of Cu remains on the surface of metal and the other 
theory suggests that both metals are dissolved in the medium and subsequently produces a redeposition of Cu 
[ASM and Tapia et al.]. This phenomenon can occur in layers extended to encompass the entire exposed 
surface (generalized dealloying) or localized form (type dealloying cap) produce a residual metal plugs. 
Samples analyzed show two morphological forms of dezincification, both of them correspond to type 
dealloying cap, in which case the attack has a great depth direction perpendicularly to the surface and is 
surrounded by an area without corroding or slightly affected. Measurements EDS from uncorroded zone 
indicate a composition similar to brass 70-30, however  the average composition from dealloying areas have a 
reduction of approximately 46% wt. in zinc, ie an average composition of 16.12 wt% Zn. 
  
 
 
 
 
 
Fig. 6. Optical Microscopy image from two zone on body cartridges: (a) Cracks with dezincificate edges and gray corrosion products; (b) 
Greats dezincification zone with appearence more homogeneous. 
Samples slightly affected the dealloying appears mainly near of cracks and they are associated with 
abundant corrosion products (Figure 6a). In other samples where dealloying is even more pronounced, the 
composition of metalic cupper is significantly higher compared with others corrosion products (Figure 6b).  
 
     
Fig. 7. Optical Microscopy image on samples where dezincification phenomenon was observed: (a) Polished material and without etching 
attack; (b) dezincificate zone with growth twins; (c) Enlarged detail of b.- 
      Fig.7.a.-                                   Fig.7.b.-                                      Fig. 7.c.-   
       Fig. 6.a.-                                Fig. 6. b.- 
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In the latter case was observed Cu compact aggregates that in certain areas present diameter over 100 m 
(Figure 7a). Etching attack revealed a large grain microstructure with growth twins, this is presumably due to 
small aggregates of the dezincificated material was compacted forming new recrystallized grains (Figure 7b 
and 7c). 
Samples that present dezincification corrosion process can have cracks of two types: transgranular or/and 
intergranular. In our case the cracks were intergranular type and are located longitudinally in the body and are 
of circumferential areas around the rim of the base. These areas are associated with high degree of plastic 
deformation, so it is presumed that the existence of residual stresses from manufacturing and contact with the 
ammonium ion could have generated SCC. This ion may be considered from the decomposition of 
nitrogenous organic material produced on place where the ammunition was stored and/or archaeological 
context where they were found. 
Figure 8 shows optical microscopy image from on internal cup and body zone of a cartridge. This 
micrography shows cracks starting at an outside surface clearly passing through grain boundaries of 
microstructure and do not reach the inner surfase. In most cases gray oxides were observed inside of cracks. 
EDS analysis indicated that the corrosion products have Cu, Zn and a very small content of Pb. 
 
      
Fig. 8.- Optical Microscopy image of cracks no pasantes from different zones with plastic deformation  on body and internal cap of 
cartridges 
On the other hand, samples analysed show two types of cracks: intergranular cracks associated to plastic 
deformation zone, produced by conformation processes (figura 8) and intergranular cracks on equiaxed grains, 
without plastic deformation, associated to intergranular corrosion phenomenon, CI (figure 9.-)  
 
 
 
 
 
 
   
 
 
 
Fig. 9. (a) SEM image of crack on edge of head; (b) Optical Microscopy image similar to SEM image before; (c) Zone with  intergranular 
attack 
                        Fig.9.a.-                                Fig.9.b.-                                                    Fig.9.c.-    
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In the first case, cracking that occurs mainly in the area of the folded edge of the head, by their 
morphological characteristics may be associated with SCC processes. Note that similar cracks were observed 
in cartridges of another archaeological site dated ten years  [Olascoaga et al.]. 
It remains unclear, until now, the date of the occurrence of this phenomenon, but certain details such as the 
presence of corrosion products in the adjacency of the fissures, the location and orientation of these on the rim 
of the head from the outside to inside (Figure 9.a. - and b. -) and the historical references of accidents 
occurring during use [Davis et al.] might indicate that these cracks probably originated at time of use of 
ammunition and some were the source of the reported events. 
Finally, figure 9.c. show optical micrography of internal cup of the cartridge without deformations of 
conformed; this samples present intergranular corrosion. 
This phenomenon occurs by preferential disolution in grain boundaries produced by chemical 
heterogeneities on metal and generally in ausence of internal tensiles. These zones present a microstructure of 
equiaxed grains without slip bands. 
4. Conclusions 
According to results obtained, the cartridge fragments found at La Verde site, so far, correspond to two 
types of primer insertion: Berdan and Boxer. Considering their head morphology all are folded head. 
Manufacturing material employed was 70 30 brass.  
All fragments are affected by corrosion and cracking processes.  
Cracking is mainly longitudinal in the body of the shell and circumferential in the base rim, especially in 
the folded zone of the head.  
Corrosion processes detected are: dezincification and stress corrosion cracking (SCC).  
Failures of C43 Remington cartridges were reported in several historical documents and in archaeological 
researches. It is considered that storage, transport and manipulation conditions during the period of use of the 
ammunition combined with manufacturing residual stresses led to cracking by SCC. It may be possible that 
similar processes of failure have had influence on the development of the battle of "La Verde". This line of 
research will be considered in order to continue the study of the war event. 
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